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New  York.) 
Inoculation  with  dead  typhoid  bacilli  for  the  prevention  of  ty- 
phoid  fever has  been  successfully practised  in  the  armies  of  Eng- 
land,  Germany, the United States, and Japan.  The literature  on the 
subject  has  recently  been  reviewed  by  Major  Russell  I  and  need, 
therefore,  not be repeated here. 
Russell  concludes  that  the  incidence  of  typh.oid  fever  is  six  to 
fifteen times  as  high  among  unvaccinated  soldiers  as  among  those 
who  have  been  inoculated  with  the  antityphoid  vaccine.  This 
clinical  immunity  to the disease is  expressed in the reactions  of the 
serum of inoculated persons to bactericidal,  opsonic, and agglutina- 
tion tests with the typhoid bacillus, the immune bodies appearing  in 
the blood from the fifth to the ninth  day after inoculation. 
The general  impression  that  immunity  after  typhoid vaccination 
lasts  about  two  years  seems  to  be  based  upon  Wright's 2 original 
statement  that  "it  is  not infrequent  to  find an agglutinating  power 
in  the  blood  of  inoculated  persons  as  long  as  two years  after  the 
inoculation  of antityphoid  vaccine."  Harrison 3 found  evidence  of 
bactericidal activity higher than normal and of agglutinat[ng  power 
in the  serum of one man  Who had been inoculated  four years pre- 
viously,  and  in  another  six years after  vaccination.  But  the  reac- 
tions were very low, agglutinins in dilutions of I  to 3 °  in the former 
case and  I  to 2o in the latter,  while baetericidins were found in dilu- 
tions  of  I  to  6o  and  I  to  4o,  respectively.  Moreover,  these  two 
*Received for publication, May 29,  1912. 
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cases  had  not  been  followed  systematically  and  their  serum  reac- 
tions to the  typhoid bacillus before inoculation  are  unknown. 
Russell  4  followed  "a  large  number"  of  cases  through  weekly 
blood  tests,  and  found  that  while  agglutinins  were  sometimes  in- 
creased on the fourth day, they were always marked by the sixth or 
eighth  day,  shooting  up  rapidly  to  ten  or  even  twenty  thousand. 
The  fall  began  in  about  six  weeks,  and  in  one case  after  fifteen 
months agglutination was present in dilutions of I  to 8o or I  to IOO. 
RusselP  also  found that  the phagocytic power of the  serum  might 
exceed the normal  after a  year. 
Because  of  this  vagueness  in  the  literature  on  the  duration  of 
immunity  after  antityphoid  inoculation,  it  seemed  worth  while  to 
make a  systematic study of a  definite number of individuals  for as 
prolonged  a  period  of  time  as  seemed  necessary.  Through  the 
courtesy of Captain  H.  J.  Nichols,  of the  Army Medical  Corps,  it 
was possible to examine  the blood of twenty-two soldiers  stationed 
in  and  around  New  York  City.  In  addition,  the  serum  of  two 
physicians was studied, making in all twenty-four persons who had 
received antityphoid  inoculations. 
The tests were made before vaccination, ten days after each inoc- 
ulation,  and  then  at  intervals  over  a  period  of  thirteen  months. 
Dr.  Nichols  very  kindly  made  the  inoculations  and  obtained  the 
blood  specimens.  Three  injections  were  given  to  each  man,  the 
first of approximately  five hundred  million  dead bacilli,  the  second 
and  third  of one thousand  million,  at  ten  day intervals.  The  vac- 
cine was  obtained  by Dr.  Nichols  from  the  Army Medical  School 
in  Washington,  and  was  prepared  from  a  non-virulent  strain  of 
typhoid bacillus killed by heating  at 6o ° C.  for one hour.  One per 
cent.  tricresol was added to the vaccine. 
ANIMAL EXPERIMENTS. 
Just  before this  study  was  begun,  Bassenge  6 had  published  his 
observations  on  the  ability  of lecithin  to  increase  the  immunizing 
power  of  the  typhoid  bacillus,  and  Wassermann  and  Seitz  7  had 
Russell, F. F.,  Bull.  Johns Hopkins  Hosp.,  I9IO, xxi, 83. 
Russell, F. F., Bull.  Johns Hopkins  Hosp.,  loc.  cir. 
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failed  to  confirm  the  statements  of  Bassenge,  their  experiments 
leading  them  to  the  conclusion  that  lecithin  causes  only  a  local 
increase  in  resistance  which  is  short  in  duration  and  abso- 
lutely non-specific in character.  Our  preliminary  experiments  wit'h 
white  rats  were  not  encouraging,  since  vaccine  plus  I  per  cent. 
lecithin  produced  a  serum  that  agglutinated  typhoid .bacilli in  dilu- 
tions of I  to 2,500,  and was bactericidal in a  dilution of  I  to 40,000, 
while  a  similar  dose  without  lecithin  developed  a  lyric action  that 
was twice as strong.  Again, lecithin in IO per cent.  solution did not 
kill the  typhoid bacillus in  forty-eight  hours,  an  observation  which 
was confirmed by Vallet and Rimbaud, s who  found the bacilli viable 
after  three  days'  contact  with  IO  per  cent.  lecithin.  Nor  did  they 
find that  the  addition  of  a  lecithin emulsion  to  typhoid bacilli pro- 
duced a  serum  whose  agglutinating  power  was  superior  to  that  ob- 
tained from  the bacilli alone.  It was possible, however,  that lecithin 
might lessen the local reaction, always more  or less painful after  an 
antityphoid  vaccination,  and  the  experiment  of  combining  lecithin 
and  vaccine was  tried on a  monkey. 
Experiment  z.--A  rhesus  monkey  was  inoculated  subcutaneously  into  the 
right thigh with i  c.c. of vaccine, which equalled one agar slant of typhoid bacilli 
killed with 0.04 per cent. lysol.  The temperature before inoculation was 40.6  ° C., 
and  was  still the  same  after  two  hours.  The  serum  of  this  monkey  did  no~ 
agglutinate bacilli in  a  dilution  of  I:2O,  and  was  bactericidal in  dilu,tions  of 
i:8o. 
After twenty-four  hours  the  temperature  of  the  animal  was  40.2  °  C.  The 
thigh was held stiffly and there was a small amount of induration about the point 
of inoculation.  There  was  no  redness.  The  animal was  lively.  Next  day the 
temperature  was  the  same  and  the  animal  used  the  leg  well.  There  was  no 
tenderness.  Thereafter  the  monkey  seemed  perfectly well;  and  the  induration 
disappeared. 
Six days after inoculation the  blood agglutinated the bacilli in  dilutions of 
1:40,  but  gave  a  positive  bactericidal  effect  in  dilutions  of  I:5,I2O.  On  the 
eighth  day the  animal  was  reinoculated with  double  the  first  dose  of  vaccine, 
after which  the  temperature  did not  rise,  and  no  pain,  tenderness,  or  swelling 
was apparent in the thigh.  Six days later agglutinins were present in  dilutions 
of  1:64o,  and bactericidins in  dilutions of  I:5,I2O. 
Experiment  2.--A  rhesus  monkey  was  inoculated  subcutaneously  into  the 
right thigh with I  c.c. of vaccine plus I  c.c. of I  per cent. lecithin.  The temper- 
ature before inoculation was 40.6  ° C.  The serum did not agglutinate the typhoid 
bacilli in  a  dilution  of  I:2O,  bu~t killed them  in  dilutions  of  1:8o.  The  fol- 
s Vallet, G., and Rimbaud, L., Compt. rend. Soc. de biol., I9IO, Ixviii, 302. 318  Duration  of  Immune  Bodies  in  the  Blood. 
lowing  day  the  temperature  had  not  risen;  the  thigh  felt  warm  and  indurated, 
but  it was  not  tender.  The  monkey  held  it  stiffly  for  two  days.  The  tempera- 
ture  rose  to  4I °  C.  on  the  second  day;  then  fell  to  4o.5 °  C.  on  the  third  day. 
The  induration  was  gone  on  the  third  day.  After  six  days  aggltttinins  were 
present in  dilutions of  1:2o,  and  bactericidins in  dilutions of  I:4O,96o.  After  a 
second  dose,  double the first in  size, the monkey remained perfectly well,  and no 
redness,  pain,  or  swelling  appeared.  After  six  days  the  blood  agglutinated  the 
typhoid  bacilli  in  dilutions  of  1:2,56o,  and  killed  the  organisms  in  dilutions  of 
I : 367,680. 
The addition of lecithin  to the vaccine did not influence the local 
reaction in this monkey, but it must be admitted that in both experi- 
ments  the  local  signs  were  very slightly  marked.  Immune  bodies 
were present in higher dilutions in the serum of the animal to which 
lecithin  had  been given.  On  repeating  these  two experiments,  the 
local  reactions  were practically similar  to  those in  the  first  set,  but 
the  immune  bodies  were  slightly  less  marked  in  the  case  of  the 
monkey  that  received  lecithin  with  the  vaccine.  The  question  of 
individual variation of monkeys to typhoid, infection evidently enters 
largely into  these results,  and  lecithin  would seem to be inconstant 
in its action,  if it has any at all,  as a  promoter of typhoid antibody 
formation. 
Since  the  subcutaneous  injection  of  a  I  per  cent.  lecithin  emul- 
sion, either alone or with antityphoid vaccine, had had no bad effects 
in rats or monkeys, and since there was still a  slight possibility that 
lecithin  added to the vaccine might  help  to increase  the  production 
of agglutinins  and bactericidins, it was decided to divide the twenty- 
four  human  cases  into  two  groups  of  twelve;  one  group  was  to 
receive  antityphoid  vaccine  alone,  while  the  other  was  to  receive 
vaccine plus a  I  per cent. lecithin emulsion.  It may be said at once 
that the lecithin did not, in any case, lessen the pain or the duration 
of  the  local  reaction,  nor,  on  the  other  hand,  did  it  in  a  single 
instance increase the local signs. 
SERUM REACTIONS IN THE INOCULATED PERSONS. 
The immunity to typhoid fever depends apparently upon bacteri- 
olytic antibodies in the blood; hence it follows that tests for bacteri- 
olysins or bactericidins  are  of  the  greatest  importance  in  judging 
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Whether or not the presence  of agglutinins adds  to the protective 
power of such a serum we do not know, but it is certain that bacteri- 
cidins  and  agglutinins  in  antityphoid sera  do  not  always  run  in 
parallel lines. 
In  studying the  sera  from the  twenty-four vaccinated  persons, 
bactericidal tests were made according to the method of  Stern and 
Korte,  9  and  agglutinins  were  also  looked  for.  Phagocytic  tests 
were not made.  RusselP  ° believes that bactericidal tests are value- 
less  because  of  the  variability of  the  same  strain  of  the  typhoid 
bacillus to bactericidal action.  The strain that we used throughout 
this  work  was  one  that  had  given  good  results  with  preliminary 
tests  on  antityphoid goat  and  rabbit  sera.  In  order  to  eliminate 
errors as far as possible, it was our custom to make a test with goat 
or rabbit serum before examining each set of the human.specimens. 
Schlemmer  11 ,has recently found that some strains of typhoid bacillus 
are very resistant to the action of bactericidal sera,  others  less  so, 
but  that  the  degree  of  serum  resistance  remains  constant  for  a 
single strain. 
Before the inoculations were begun, preliminary blood tests were 
made  in  eighteen  cases.  Sixteen  were  negative  both  as  regards 
agglutinins and bactericidins.  One  soldier gave a  negative agglu- 
tination test but a positive bactericidal reaction in a  dilution of I  to 
2o only.  The serum of another man agglutinated the typhoid bacil- 
lus  in  a  dilution of  I  to  4o,  and  killed  the  organism  even  when 
diluted three  hundred times.  The  latter  soldier  had  had  typhoid 
fever three years before.  Three  other men had  previously had  a 
typhoid attack, but their sera were quite devoid of antibodies. 
After  the  first  inoculation the  lecithin vaccines  seemed  to  give 
results which were slightly inferior to those produced by the simple 
suspensions  of  dead  bacilli,  four  cases  giving  negative tests  with 
lecithin as against three cases without lecithin.  The highest bacteri- 
cidal titer was one  in  ten  thousand.  Only  four persons  to  whom 
• lecithin was given reacted in a  dilution of  I  to 3oo or over,  while 
of those to  whom no lecithin had  been  given  five reacted  in  dilu- 
tions of I to 6oo and more. 
9 Stern,  R.,  and  Korte,  W.,  Berl.  klin.  Wchnschr.,  19o4,  xli,  213. 
lo Russell,  F.  F.,  Bull.  Johns Hopkins  Hosp.,  loc.  cit. 
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Ten days after the second dose had been administered there were 
still  three  persons  with  sera  having no  bactericidins,  and  each  of 
these persons had received the lecithinated vaccine.  Two  of these 
sera,  however,  contained  agglutinins  in  dilution of  1  to  I6o  and 
I  to 640,  respectively.  Seven of the sera of persons  injected with 
vaccines containing lecithin killed typhoid bacilli in dilutions of I  to 
5,ooo and over, while ten sera of persons vaccinated without lecithin 
reached as high a  titer. 
The  third  inoculation  with  lecithin  raised  one  of  the  negative 
cases to a  bactericidal titer of I  to 4o,0oo, while the other two still 
remained  negative.  One  serum  was  bactericidal  when  diluted  a 
million times, the highest point reached  by any specimen.  It  was 
obtained from a  physician who had had typhoid fever eleven years 
before the vaccination. 
One  month after the  third  inoculation, which ,was  two  months 
after the vaccinations were begun, the immune bodies were present 
in the sera in the highest amount and thereafter steadily decreased, 
so  that  four months after the first  inoculation only one  specimen 
reached  the  5,ooo  mark,  and  that  came  from  a  man  to  whom 
lecithin vaccine had been given. 
After eight months one serum still showed a bactericidal titer of 
I  to 2,5oo,  and it came  from a  soldier to  whom lecithin had been 
administered. 
After  ten  months  only  fourteen  specimens  were  available  for 
study, as some of the men had been sent elsewhere  for duty.  Of 
the  fourteen sera,  one  from a  man to whom no lecithin had been 
given  reached  a  dilution of  I  to  I6O,  while  six  other  sera,  four 
from men who had received lecithin and two  from those who had 
not, failed to react at all. 
After thirteen months fourteen sera were again obtained, one of 
which was bactericidal in a  dilution of I  to 1,28o.  Ten were nega- 
tive, two reacted in a  dilution of I  to 4 O, and one in a  dilution of I 
to 80. 
Agglutinins dropped  out  even earlier  than did  the bacterieidins. 
After four months only two sera agglutinated the  typhoid bacillus 
in a dilution of I to 16o, and no agglutinins were present in any one Martha  Wollstein.  321 
of  the  fourteen specimens  examined  thirteen  months  after  vacci- 
nation. 
DISCUSSION  OF  RESULTS  OBTAINED. 
The average bactericidal curve of the antityphoid immune serum 
resulting from inoculation with dead typhoid bacilli in this series of 
~:ases would seem to have been as  follows. 
Starting  from a  negative preliminary reaction, the bactericidins 
appeared  after the  first inoculation in dilutions of  I  to 80 to  I  to 
2,500,  with  an  exceptional  dilution of  I  to  IO,OOO; they  rose  to 
I  to 5,000  or  I  to 20,000  after the second dose, remained there or 
reached I to 40,000 after the third inoculation, and remained at that 
point  or  rose,  exceptionally, to  I  to  8o,ooo  during the  following 
month.  Then,  two months after the first  inoculation, the highest 
point was reached and the drop began.  This was apt to be abrupt 
and, as a rule, it went below I  to 5,000, sometimes even to I  to 16o. 
After four months a titer of I to 2,000 was occasionally present, but 
the  majority of  sera  fell below  I  to  300  and  some  (four)  had 
already become negative.  Eight months after inoculation the con- 
ditions were  about the  same, but after ten months no bactericidal 
effect was obtained in any dilution above I to 16o; tl~e majority lay 
between I  to 40 and  I  to 80,  and at this time more were negative. 
At the end of thirteen months the great majority of cases  gave an 
entirely negative bactericidal test  (ten out of fourteen) ; a  titer of 
I to 40 or I to 80 was sometimes noted, and I to 1,28o was the single 
exception.  In  this  last  instance  lecithinated  vaccine  had  been 
administered. 
Comparing the  results  from vaccines with  and  without lecithin, 
we  find that the examples without lecithin developed bactericidins 
a  little  more  rapidly,  but  in  no  greater  quantity than  the  others, 
while the examples with lecithin seemed to retain the height slightly 
better.  Two months after the first inoculation ten sera  from per- 
sons vaccinated with lecithin as against eight vaccinated without it 
reacted in dilutions above ten thousand.  The drop  in activity was 
about as rapid in one case as in the other; e.  g.,  five lecithin cases 
against four inoculated without lecithin reacted in dilutions greater 
than 1 to 2,ooo at the end of three months.  But after four months 322  Duration  o/  Immune  Bodies  in  the  Blood. 
three negative cases would seem to show that the sera after lecithin 
vaccination retained their immune bodies for a shorter period. 
At  the  end  of thirteen months nine of the twelve lecithin cases 
had become negative; one reacted in a  dilution of I  to 8o,  another 
in a dilution of I  to 1,2oo, and the third could not be tested.  It had 
not been available  for study since  four months after the beginning 
of the inoculations, and its low titer of I  to 16o at that time argued 
strongly in favor of its being negative later. 
The sera obtained from the soldiers inoculated without the addi- 
tion  of  lecithin  gave  no  negative  bactericidal  reactions  until  ten 
months  after  the  first  inoculations, when  two  cases  failed  to  kilI 
typhoid bacilli  in  any dilution,  and  three  months later  four  other 
cases  were  negative.  The  other  two  sera  examined  at  this  time 
gave positive results in dilutions of  I  to 4o  and  I  to 8o  only, and 
the four cases not available at that time had been dropping steadily 
since their last examination (tables I and II). 
A  word  remains to be  said about the  four persons  in  the  series 
who  had  suffered  attacks  of  typhoid  fever  from  three  to  fifteen 
years  before being inoculated.  The  serum  of  only one,  the  most 
recent  case,  gave  a  positive  preliminary  bactericidal  test.  This 
serum rose to a titer of I  to  IO,OOO after the  first dose of vaccine 
and reached its highest point, I to 4o,96o, two months later.  It then 
dropped  gradually, reaching its  original strength  in  eight months, 
and  after  thirteen  months  was  negative.  Whether  this  serum 
would  have  fallen  to  zero  in  that  time  if  the  man  had  not been 
vaccinated,  is  a  question.  Another  man,  inoculated  eleven  years 
after  an  attack  of  typhoid,  developed  bactericidins  which  were 
active in  dilutions of  I  to  IO,OOO after  the  first  vaccination,  I  to 
40,ooo after the second, and  I  to  I,OOO,OOO after t,he third.  They 
fell to  I  to  io,ooo in another month, remaining at  I  to  5,000  for 
two  months  and  then  gradually  falling to  I  to  8o,  still  reacting 
in that dilution fifteen months after the initial inoculation. 
This instance, more than any other of the  four under discussion, 
illustrates the point that  when the human organism has once been 
infected with the  typhoid bacillus  or  its  toxin, reinoculation more 
readily results in the  formation of immune bodies  to that bacillus. [
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Cole  14  proved  this  point  experimentally  in  animals,  and  it  is  the 
principle upon which the value of typhoid vaccination rests. 
It should be remarked that besides these two men, both of whom 
had  suffered from typhoid  fever, only one other reacted  in a  dilu- 
tion  of  I  to  IO,OOO after the  first dose of vaccine.  The  serum  of 
the third  man who had  had typhoid  reacted slowly.  It was active 
only in  a  dilution  of  I  to  8o after  the  first  dose, but two months 
later reached a  titer of I  to I60,OOO,  then dropped gradually in ten 
months to zero.  The strength  of the serum of the fourth man rose 
very stowly until it was active in a dilution of I  to 4o,ooo, and then 
in  four  months  dropped  rapidly  to  zero.  The  attack  of  typhoid 
fever in this instance had occurred about fifteen years before. 
An exceptionally slow and low reaction was obtained in one sol- 
dier  whose  serum  failed  to  show  any  bactericidins  or  agglutinins 
even after the third  inoculation  of vaccine.  One month  later  bae- 
terieidins  were present  in  dilutions  of  I  to  1,200  only,  and  agglu- 
tinins  in a  dilution of I  to 2o.  Three months  after the initial  dose 
had been given, the reaction was positive in a  dilution  of I  to 3oo, 
and  after  four months  it  had  entirely  disappeared.  The  serum  of 
another  man  failed  to  respond  to  the  first  and  second  doses,  but 
reached a  titer of I  to 4o,  ooo after the third dose, and proved to be 
the only one that  contained bactericidins  in dilutions  of  I  to  1,2oo 
thirteen months later. 
SU  M M ARY. 
In this series of twenty-four persons inoculated with antityphoid 
vaccine, the immune bodies in the blood reached their height within 
two months after the first inoculation,  or one month after the third, 
then fell rapidly within the next two months.  Only nineteen of the 
cases could be followed longer,  and eight of these were negative for 
bactericidins  within  ten  months  after  inoculation,  and  fifteen were 
negative  after thirteen  months.  Only one serum reacted in a  dilu- 
tion of I  to 1,2oo at the end of thirteen months. 
The addition of lecithin to the vaccine did not influence the local 
reaction  after  inoculation,  nor  did  it  appreciably  affect the  forma- 
tion of immune bodies to the typhoid bacillus. 
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CONCLUSIONS. 
There is, of course, no justification for the conclusion that clinical 
immunity can be determined  absolutely by the measure  of  immune 
bodies in "the blood, since experience has apparently proved the con- 
trarY,  a  fact which can be accounted for by the latent power of the 
body cells to react more quickly to a  stimulus which has once made 
them  sensitive.  That  this  power  lasts  for  many  years  after  an 
attack of typhoid fever is well known.  Furtller study is required to 
prove  its  duration  after  antityphoid  inoculation.  It  would  seem, 
however, that reinoculation with typhoid vaccine wi.thin a year is in- 
dicated when exposure to typhoid  fever seems imminent. 